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(54) Linear motor mechanism for exposure apparatus, and device manufacturing method using 
the same 



(57) A linear motor mechanism includes a stator el- 
ement and a movable element being movable relative 
to the stator element in a predetermined direction 
through an electromagnetic drive force, wherein the sta- 
tor element includes a yoke and coils disposed along a 



predetermined direction while the movable element in- 
cludes a magnet with plural magnetic poles but with no 
yoke. There are plural stator elements disposed op- 
posed to each other with a magnet of the movable ele- 
ment disposed therebetween. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 



[0001] This invention relates to a linear motor mech- 
anism suitably usable in a stage system, for producing 
a drive force for moving or positioning an article. In an- 
other aspect, the invention is concerned with a stage 
system or an exposure apparatus using such a linear 
motor mechanism. I n a further aspect, the invention con- 
cerns a device manufacturing method for manufacturing 
microdevices such as semiconductor devices, for exam- 
ple. 

[0002] Figures 17A and 17B are schematic views for 
explaining a general structure of a stage system of 
known example. Figure 18 illustrates a driving sequence 
of such stage system. 

[0003] In Figures 17A and 17B, a movable stage 42 
is slidably supported by a guide 41 which is fixedly 
mounted on a base. A workpiece 43 is placed on the 
stage 42. The stage 42 can be moved by a linear motor 
mechanism having components provided on the oppo- 
site sides of the stage 42. The linear motor mechanism 
includes stators 50 having plural coils 47 fixedly held by 
stator frames 48, and the stators are fixed to the base. 
The linear motor mechanism further includes movable 
elements 51 each having plural magnets 44, being mag- 
netized in vertical direction, and yokes 46 provided pro- 
vided integrally with the magnets. 
[0004] Figure 18 illustrates driving sequence for driv- 
ing the movable element rightwardly, relative to the sta- 
tor element. In operation, while detecting the relative po- 
sitional relation of the coils 47 and the magnets 44 by 
using sensor means (not shown), a coil at a position 
spaced by a predetermined electric angle is selected 
and an electric current is sequentially applied thereto in 
an appropriate direction, by which a drive force is pro- 
duced between the stator element and the movable el- 
ement. 

[0005] In the above-described structure, however the 
movable element comprises magnets and yokes, and 
both of them move together with the stage. While the 
magnets and the yokes have substantially the same 
specific gravity and also substantially the same volume, 
only the magnets contribute to production of thrust force. 
Namely, in the linear motor mechanism of the above- 
described structure, additional mass of yoke not contrib- 
utable to the thrust has to be moved. This leads to en- 
largement in size of the power source, increased heat 
generation, decreased servo gain due to reduction of 
natural frequency of the whole movable components, or 
degradation of transient response to position designa- 
tion, for example. 

[0006] Further, in order to produce a large thrust, the 
thickness of yoke has to be large so as not to cause 
magnetic flux saturation. Thus, enlargement of thrust 
force and reduction in size of the mechanism is incom- 
patible. 



SUMMARY OF THE INVENTION 

[0007] It is accordingly an object of the present inven- 
tion to provide a linear motor mechanism having im- 
5 proved performance of reduced heat generation, im- 
proved control response, reduced size, or enlarged 
thrust force, for example. 

[0008] It is another object of the present invention to 
provide a stage system or an exposure apparatus hav- 
10 ing such linear motor mechanism. 

[0009] It is a further object of the present invention to 
provide a device manufacturing method using such ex- 
posure apparatus. 

[0010] In accordance with an aspect of the present in- 
15 vention, there is provided a linear motor which compris- 
es: a plurality of stator elements each having a yoke and 
coils disposed along a predetermined direction; and a 
movable element having magnet means with plural 
magnetic poles; wherein said stator elements are dis- 
20 posed opposed to each other with said magnet means 
of said movable element disposed between the op- 
posed stator elements. 

[0011] In accordance with another aspect of the 
present invention, there is provided a linear motor which 
25 comprises: a stator element having a yoke and plural 
coils disposed along a predetermined direction; and a 
movable element having a magnet with plural magnetic 
poles but having no yokes. 

[0012] In accordance with a further aspect of the 
30 present invention, there is provided a linear motor which 
comprises: a stator element having a yoke, a first coil 
wound on said yoke along a first direction, and a second 
coil wound on said yoke along a second direction differ- 
ent from said first direction; and a movable element hav- 
35 ing a magnet but having no yoke. 

[0013] The yoke may have a shape being elongated 
in one direction, wherein said first direction may corre- 
spond to the lengthwise direction of said yoke, and 
wherein said second direction may be perpendicular to 
40 the lengthwise direction of said yoke. 

[0014] In accordance with a yet further aspect of the 
present invention, there is provided a stage system 
which includes a linear motor as recited above, for mov- 
ing a stage. 

45 [0015] In accordance with a still further aspect of the 
present invention, there is provided an exposure appa- 
ratus which includes a stage system as recited above, 
for performing an exposure process to an article held by 
said stage system. 
50 [0016] The exposure apparatus may preferably com- 
prise a scan type exposure apparatus. 
[0017] In accordance with a still further aspect of the 
present invention, there is provided a device manufac- 
turing method, comprising the steps of . preparing an ex- 
55 posure apparatus as recited above; and transferring a 
pattern of an original onto a substrate by using the ex- 
posure apparatus. 

[0018] These and other objects, features and advan- 
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tages of the present invention will become more appar- 
ent upon a consideration of the following description of 
the preferred embodiments of the present invention tak- 
en in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 9] Figures 1 A and 1 B are schematic and perspec- 
tive views for explaining a linear motor mechanism ac- 
cording to a first embodiment of the present invention. 
[0020] Figure 2 is a schematic view for explaining a 
drive sequence in the first embodiment of the present 
invention. 

[0021] Figure 3 is a schematic and perspective view 
for explaining a linear motor mechanism according to a 
second embodiment of the present invention. 
[0022] Figure 4 is a partly exploded view for explain- 
ing details of the linear motor mechanism according to 
the second embodiment of the present invention. 
[0023] Figure 5 is a schematic view for explaining a 
drive sequence in the second embodiment of the 
present invention. 

[0024] Figure 6 is a schematic and perspective view 
for explaining a linear motor mechanism according to a 
third embodiment of the present invention. 
[0025] Figure 7 is a partly exploded view for explain- 
ing details of the linear motor mechanism according to 
the third embodiment of the present invention. 
[0026] Figure 8 is a schematic view of a single coil 
used in the third embodiment of the present invention. 
[0027] Figure 9 is a schematic view for explaining a 
drive sequence in the third embodiment of the present 
invention. 

[0028] Figure 10 is a schematic and perspective view 
for explaining a linear motor mechanism according to a 
fourth embodiment of the present invention. 
[0029] Figure 11 is a partly exploded view for explain- 
ing details of the linear motor mechanism according to 
the fourth embodiment of the present invention. 
[0030] Figure 1 2 is a schematic view for explaining a 
fine-motion coil used in the fourth embodiment of the 
present invention. 

[0031] Figure 13 is a schematic view for explaining a 
drive sequence in the fourth embodiment of the present 
invention. 

[0032] Figure 14 is a schematic view of a general 
structure of a scan type exposure apparatus according 
to an embodiment of the present invention. 
[0033] Figure 1 5 is a flow chart of semiconductor de- 
vice manufacturing procedure. 

[0034] Figure 16 is a flow chart of a wafer process. 
[0035] Figures 1 7 A and 17B are schematic views for 
explaining a stage mechanism of known type. 
[0036] Figure 18 is a schematic view for explaining a 
drive sequence of the stage mechanism shown in Figure 
17A or 17B. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[Embodiment 1] 

5 

[0037] Figures 1 A and 1 B show a stage system hav- 
ing a linear motor mechanism, according to a first em- 
bodiment of the present invention, wherein Figure 1 A is 
a perspective view and Figure 1 B is a partly exploded 
10 view for explaining the structure of magnets. Figure 2 is 
a schematic view for explaining drive sequence of the 
stage system of Figure 1 A. 

[0038] In these drawings, a guide 1 has an elongated 
shape extending in the driving direction, and it is fixedly 

is mounted on a base, not shown. A stage 2 is slidably 
supported by the guide 1 through static pressure bear- 
ing means or roll bearing means, for example. An article 
3 which is, in this embodiment, a reticle to be used in an 
exposure process, is an object to be positioned, and it 

20 is placed on the stage 2. Two linear motors are provided 
on opposite sides of the stage 2. These linear motors 
are used as a drive source for moving the stage 2 in the 
driving direction. 

[0039] Each linear motor includes a movable element 

2S which comprises four magnets 4-1 , 4-2, 4-3 and 4-4 dis- 
posed so that N and S poles being magnetized in vertical 
direction are arrayed alternately. These magnets are ad- 
hered to a holding member 5, by which they are fixed to 
a side -face of the stage 2. This movable element is dis- 

30 posed between and opposed, without contact, to coils 
of upper and lower stator units 11 , respectively. 
[0040] The stator means of each linear motor includes 
upper and lower stator units 11 , at one side of the stage 
2. Thus, there are four stator units 11 at left-hand and 

35 right-hand sides of the stage 2, in total. Each stator unit 
11 comprises plural (e.g., eight) coils 7 which are fixed 
to a yoke 6. The upper and lower stator units 11 are so 
disposed that their coils are opposed to each other. 
Each stator unit 11 is fixed to the base which supports 

40 the guide 2. 

[0041] Each coil 7 comprises a flat coil. On the other 
hand, relative motion between the magnet 4 and the 
yoke 6 causes an eddy current in the yoke 6. To reduce 
it, the yoke 6 is made from a laminated steel plate. 

45 [0042] In the structure described with reference to 
Figures 1 7 A and 1 7B, the size of the yoke 46 in the driv- 
ing direction corresponds to the total length of the mov- 
able magnet. In this embodiment, since the yoke is pro- 
vided on the stator side, the yoke 6 should have a size 

so jn the driving direction corresponding to the total length 
of the eight coils in the driving direction. 
[0043] The eight coils of the stator unit 1 1 is disposed 
along the driving direction at a pitch 1 .5 times larger than 
the magnetic pole pitch. Since the magnetic pole pitch 
ss corresponds to a 1/2 (half) period of the basic wave of 
magnetic flux density, the pitch of the eight coils corre- 
sponds to a 3/4 (0.75) period of the basic wave of the 
magnetic flux density. In terms of electric angle, it is 270 
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deg. or -90 deg. 

[0044] Figure 2 illustrates a drive sequence for mov- 
ing the movable element rightwardly. While detecting 
the relative position of the coil 7 and the magnet 4 by 
using a position sensor (e.g., a laser interferometer to 
be described later) disposed outside, those coils which 
are at positions spaced by an electric angle 270 deg. or 
-90 deg. are selected and an electric current is applied 
sequentially to these coils in an appropriate direction, 
such that a drive in the same direction is produced. Al- 
though the coils have eight phases in the sense that 
coils having orthogonal electric angles are sequentially 
switched, they can be considered as a two-phase motor. 
[0045] In this embodiment, the yoke 6 is provided on 
the stator side. This results in that the mass of the mov- 
able element, which is the moving component of the lin- 
ear motor, is reduced approximately to a half. Further, 
a magnet having plural magnetic poles is provided on 
the movable element. As a result of this, a small mag- 
netic path loop is formed and, consequently, the region 
in which the thrust of the linear motor with respect to the 
electric current becomes linear is widened. Moreover, 
as a result of the arrangement that the yoke is provided 
on the stator side while the stator units are disposed op- 
posed to each other to sandwich plural magnets ol the 
movable element therebetween, small magnetic path 
loops of the magnets can be effectively used from the 
both sides of the magnets. This is effective to produce 
enlarged thrust force. Consequently, both of enlarge- 
ment of thrust and reduction in weight are assured, and 
control response of the system is improved. 
[0046] Further, as a result of the arrangement that the 
stator units are disposed opposed to each other and that 
the magnet is disposed between them, the attracting 
force of the magnet acting in any direction other than 
the moving direction of the linear motor is canceled. 
Thus, a stable thrust force can be produced. 
[0047] Further, using a laminated steel plate for the 
yoke 6 is effective to reduce eddy current to be produced 
in the yoke during relative motion between the yoke and 
the magnet 4. This ensures high speed and high preci- 
sion positioning. 

[Embodiment 2] 

[0048] A second embodiment of the present invention 
will be described. Figure 3 is a perspective view, and 
Figure 4 is a partly exploded view. Figure 5 is a sche- 
matic view for explaining a drive sequence. Like numer- 
als as of those of the first embodiment described are 
assigned to corresponding components, and duplicate 
description therefor are omitted. 

[0049] In this embodiment, at each side, the linear 
motor stator means comprises upper and lower stator 
units 11 each having fourteen (14) coils (flat coils) fixed 
to a yoke 6. The fourteen flat coils comprise seven A- 
phase coils 7A and seven B-phase coils 7B disposed 
alternately Namely, a pair of A-phase coil 7A and B- 



phase coil 7B are disposed along the driving direction 
with a mutual phase shift, to provide a coil unit. Each 
stator unit comprises seven such coil units arrayed 
along the driving direction and fixed to the yoke. 
5 [0050] In the preceding embodiment, the coils are ar- 
rayed along the driving direction without overlapping, 
and they are disposed at a pitch 1.5 times larger than 
the magnetic pole pitch. In this embodiment, on the oth- 
er hand, two coils of phase A and phase B are disposed 
10 along the driving direction with mutual overlapping and 
with mutual phase shift, and they are combined into a 
single coil unit. Plural such coil units are provided along 
the driving direction. Thus, the magnetic poles of the 
coils are disposed in an array with 0.5 pitch. In other 
is words, adjacent A-phase coil 7 A and B-phase coil 7B 
are disposed at a pitch 0.5 times the magnetic pole pitch, 
and the A-phase coils (or B-phase coils) are disposed 
at a pitch the same as the magnetic pole pitch. Here, 
since the distance between centers of the sides of the 
20 fiat coils contributable to the thrust is equal to the mag- 
netic pole pitch, in order that adjacent A-phase coil and 
B-phase coil are disposed at a pitch 0.5 times the mag- 
netic pole pitch, the A-phase coil and B-phase coil may 
well be disposed with mutual shift corresponding to a 
25 half of the magnetic pole pitch. 

[0051] However, with simple shift, coils are super- 
posed in vertical direction and the thickness of coils in 
vertical direction becomes twice. Then, the clearance 
as seen from the magnet increases, which causes re- 
30 duction of magnetic flux density and thus reduction of 
thrust. Also, the size of whole mechanism in the vertical 
direction is enlarged. In this embodiment, in considera- 
tion of the above, as shown in Figure 4 there are bent 
portions 8 each being defined in a B-phase coil 7B, at a 
35 portion opposed to the movable magnet, with the side 
opposed to the magnet being protruded or extracted as 
compared with the side not opposed to the magnet 4, 
such that the portion of the B-phase coil 7B opposed to 
the movable magnet is placed substantially on the same 
40 plane as the A-phase coil 7A. With this structure, the 
clearance between the magnet 4 and the coils 7A and 
7B can be kept small, and reduction of thrust and en- 
largement in size of the whole mechanism in the vertical 
direction can be prevented. Although there is overlap- 
45 ping at the portions of A-phase coil and B-phase coil not 
opposed to the magnet, the size in the vertical direction 
of the holding member 5-1 for fixedly mounting the mov- 
able magnet to the stage is made smaller than the size 
of the movable magnet 4 in the vertical direction, to 
50 avoid this overlapping portion. 

[0052] Since the magnetic pole pitch corresponds to 
a 1/2 (half) period of the basic wave of magnetic flux 
density the pitch of the fourteen coils corresponds to a 
1/4 (0.25) period of the basic wave of magnetic flux den- 
55 sity. In terms of electric angle, it is 90 deg. In accordance 
with the drive sequence of Figure 5, while detecting the 
relative position of the coils 7A and 7B and the magnet 
4 by using a position sensor, those coils at positions 
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spaced by 90 deg. are selected, and an electric current 
is applied sequentially in an appropriate direction, to 
produce a drive in the same direction. Here, the amount 
of electric current contributabie the thrust with respect 
to the movable magnet 4 is twice of that in the first em- 
bodiment. This is because coils with 90 deg. phase shift 
are superposedly disposed and because the amount of 
coils opposed to the magnet is twice as compared with 
the first embodiment. Thus, the efficiency is very good 
in that the thrust constant is twice with the same mova- 
ble mass. 

[0053] In Figure 5, at steps 1, 4, 5, 8, 9, 12 and 13, 
four coils are actuated at each side of the stage. On the 
other hand, at steps 2, 3, 6, 7, 10 and 11, six coils are 
actuated at each side of the stage. In average, five coils 
are actuated at each side of the stage. As compared 
therewith, in Figure 2 of the first embodiment, two coils 
are actuated at each side of the stage. Thus, the coil 
resistance in this embodiment is 2.5 times larger than 
that of the first embodiment. On the other hand, since 
the thrust constant is twice, for the same mass and the 
same acceleration, the required electric current is a half. 
Therefore, the heat generation is 2.5/2/2, that is, 0.63 
times, and thus the heat generation is reduced. 
[0054] As described, with this embodiment of the 
present invention, in addition to the advantageous re- 
sults of the first embodiment, there is provided an ad- 
vantageous result of improved efficiency and reduction 
of heat generation. 

[0055] Further, like the preceding embodiment, the 
yoke is made from a laminated steel plate. This reduces 
eddy current to be produced in the yoke during relative 
motion of the magnet and the yoke, and it enables high 
speed and high precision positioning. 

[Embodiment 3] 

[0056] A third embodiment of the present invention 
will be described. Figure 6 is a perspective view, and 
Figure 7 is a partly exploded view. Figure 8 shows de- 
tails of a saddle type coil. Figure 9 is a schematic view 
for explaining a drive sequence. Like numerals as of 
those of the preceding embodiments described are as- 
signed to corresponding components, and duplicate de- 
scription therefor are omitted. 

[0057] In thefirst and second embodiments described 
above, with respect to the size in the driving direction, 
there is a relation "(size of magnet) > (size of coil ener- 
gized)". This means that there is a portion in the magnet 
which portion does not contribute to the thrust. In this 
embodiment, the structure is arranged to satisfy the re- 
lation with respect to the size in the driving direction that 
"(size of magnet) < (size of coil energized)", such that 
the whole of the magnet can contribute to the thrust. 
[0058] The linear motor has a movable element which 
comprises, as shown in Figure 7, a pair or magnets 1 4-1 
having an N-pole at its upper face and a pair of magnets 
14-2 having an X-pole at its upper face, all of which are 



fixed to a stage 2 through a holding member 15. 
[0059] On the other hand, the stator of the linear motor 
comprises upper and lower stator units each having 
twelve saddle shaped coils, of a shape such as shown 
5 in Figure 8, which are fixed to a yoke 6. White the saddle 
shaped coil of Figure 8 can be provided by bending both 
sides of a flat coil, because of the difference in bending 
width such as illustrated, this embodiment uses six 
types in regard to the shape ol coil, from an A-phase 
10 saddle coil 9A having a smallest bending width to an F- 
phase saddle coil 9F having a largest bending width. 
[0060] In each type of saddle shaped coil, the side-to- 
side distance in Figure 8 is six times larger than the side 
dimension. In order that the saddle coil set 9 shown in 
is the exploded view of Figure 7 is provided by six saddle 
coils, first, relative to the A-phase saddle coil 9A of 
smallest bent width, the B-phase saddle coil 9B is dis- 
posed with a shift corresponding to the side dimension. 
Subsequently, a C-phase saddle coil 9C is disposed 
20 with a shift corresponding to the side dimension. A sim- 
ilar procedure is repeated up to the F-phase saddle coil 
9F, whereby the saddle coil set 9 is accomplished. For 
this reason, six type coils having different bent widths 
are necessary. With this arrangement, in a single saddle 
25 coil set 9, the sides opposed to the movable magnet can 
be placed on the same plane. Two saddle coil sets 9 as 
described are fixedly mounted on a single yoke 6, by 
which a single stator unit is provided. The whole stage 
system comprises upper and lower stator units disposed 
30 with their coils opposed to each other, at each of the left- 
hand side and right-hand side of the stage. These stator 
units are fixed to a base (not shown) by means of a fixing 
member, not shown. 

[0061] The movable element comprises magnets 
35 held by the holding member 15. As shown in Figure 7, 
two single-pole magnets 14-1 and 14-2 having their ver- 
tically magnetized magnetic poles disposed oppositely 
are fixed to the stage through the holding member 15. 
These two magnets are disposed so that they can move 
40 between opposed coils of the upper and lower stator 
units. Each of the single-pole magnets 14-1 and 14-2 
has a width in the driving direction which is four times 
larger than the side dimension of the saddle shaped coil 
of Figure 8. Also, the distance in the driving direction 
45 between two single-pole magnets 4 separated by the 
holding member 15 is twice the side dimension of the 
saddle shaped coil. 

[0062] The drive sequence is similar to that of the pre- 
ceding embodiments in the point that drive coils are se- 

50 lectively switched in accordance with the relative posi- 
tion of the magnets and coils. However, as shown in Fig- 
ure 9, in regard to the size in driving direction, at least 
those coils corresponding to a size 1 .25 times the mag- 
net size are constantly energized. In steps 1 and 2 

55 where coils to be energized are all included in a single 
saddle coil set, the size in the driving direction of coils 
to be energized is only 1 .25 times the size of magnet in 
the driving direction. However, when, as the motion of 
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the magnet, the coils to be energized are included in two 
adjacent saddle coil sets, the size in driving direction of 
the coils to be energized increases. At the maximum, in 
steps 7 and 8, it becomes 2.5 times the size of the mag- 
net in the driving direction. For this reason, in an appa- 
ratus wherein the acceleration or deceleration region is 
held fixed, the acceleration or deceleration region may 
preferably be set at positions where the coils to be en- 
ergized are included in a single saddle coil set. This may 
be a best design in respect to heat generation. 
[0063] In accordance with this embodiment of the 
present invention, in addition to the advantageous ef- 
fects attainable with the preceding embodiment, since 
the coils opposed to the magnets are constantly ener- 
gized, such that all the magnets can contribute to the 
thrust. Thus, the thrust per a unit movable element mass 
is enlarged and, therefore, further improvement of the 
drive efficiency is assured. 

[0064] Further, like the preceding embodiments, the 
yoke is made from a laminated steel plate. This reduces 
eddy current to be produced in the yoke during relative 
motion of the magnet and the yoke, and it enables high 
speed and high precision positioning. 

[Embodiment 4] 

[0065] A fourth embodiment of the present invention 
will be described. Figure 10 is a perspective view, and 
Figure 11 is a partly exploded view. Figure 12 shows 
details of a fine-motion coil. Figure 13 is a schematic 
view for explaining a drive sequence. Like numerals as 
of those of the preceding embodiments described are 
assigned to corresponding components, and duplicate 
description therefor are omitted. 

[0066] In this embodiment, like the third embodiment, 
the structure is arranged to satisfy the relation with re- 
spect to the size in the driving direction that "(size of 
magnet) < (size of coil energized)", such that the whole 
magnet can contribute to the thrust. In addition to this, 
a coil wound in the same direction as the lengthwise di- 
rection of a yoke is used and : by this, saturation of the 
yoke due to a magnetic flux by a coil electric current is 
prevented. This ensures a large thrust force. Moreover, 
a single-pole movable magnet is used, and two types of 
fine-motion coils which can apply a thrust in the driving 
direction (Y direction) as well as in a direction (X direc- 
tion) perpendicular thereto are provided. This enables 
fine-motion along the X-Y plane. 

[0067] There are linear motors on the opposite side 
of the stage 2 for moving the stage 2 in the driving di- 
rection (Y direction). Like the third embodiment, the lin- 
ear motor stator comprises upper and lower stator units 
each having saddle shaped coils 9 fixedly mounted on 
the yoke 6. These stator units are fixed to a base. The 
whole stage system includes these upper and lower sta- 
tor units with their coils disposed opposed to each other, 
at each of the left-hand and right-hand side of the stage, 
all being fixed to the base. 



[0068] The movable element includes a magnet 14 
held by a holding member 15-1 . As compared with the 
third embodiment, as shown in Figure 11 one single- 
pole magnet being magnetized in the vertical direction 
5 is fixed to the stage 2 through the holding member 1 5-1 . 
The magnet 1 4 is disposed so that it can move between 
opposed coils of the upper and lower stator units. The 
size of the single-pole magnet 1 4 in the driving direction 
is four times the side dimension (Figure 8), like the third 
10 embodiment. 

[0069] As shown in Figure 12, the yoke 6 is provided 
with an X fine-motion coil 1 2 wound in the same direction 
as the direction of elongation ol the yoke 6, as well as 
a Y fine-motion coil 13 wound along the lengthwise di- 
15 rection of the yoke. The portion of the X fine-motion coil 
12 opposed to the magnet 14 is parallel to the driving 
direction (Y direction). Therefore, when an electric cur- 
rent is applied thereto, it can produce and apply a thrust 
to the movable element in a direction (X direction) per- 
20 pendicular to the driving direction. With the X fine-mo- 
tion coil 12 wound around the yoke 6, the yoke 6 is ad- 
ditionally provided with the Y fine-motion coil 1 3 wound 
along the lengthwise direction of the yoke 6. The portion 
of the Y fine-motion coil 13 opposed to the magnet 14 
2S is perpendicular to the driving direction. Therefore, 
when an electric current is applied thereto, it can pro- 
duce and apply a thrust to the movable element in the 
driving direction. While the saddle shaped coil 9 can ap- 
ply a thrust in the driving direction (Y direction) to the 
30 movable element, there occurs changing of coils to be 
energized in accordance with the position of the magnet. 
In the Y fine-motion coil 13, on the other hand, there is 
no necessity of coil changing and, therefore, high pre- 
cision position control is attainable. 
35 [0070] Furthermore, as a consequence of application 
of an electric current to the X fine-motion coil 12, the 
resultant coil electric current slows down the passage 
of coil magnetic flux through the yoke 6. Thus, magnetic 
saturatbn of the yoke 6 can be prevented and, there- 
to fore, thrust saturation can be prevented. In this respect, 
in designing the yoke sectional area, the yoke sectional 
area can be made smaller without much consideration 
to the magnetic saturation due to electric current. 
[0071] In this embodiment, if two magnets being mag- 
45 netized oppositely with respect to the vertical direction 
are used in the movable magnet, as the third embodi- 
ment, in both of the X fine-motion coil and Y fine-motion 
coil the thrust is canceled by the respective poles of the 
magnets such that, in total, no thrust is produced. How- 
so ever, if reduction of magnetic saturation of the yoke is 
desired, such a movable magnet may be used. 
[0072] In this embodiment, since the yoke 6 is provid- 
ed on the stator side, the mass of the movable element 
of the linear motor becomes approximately a half. Fur- 
55 ther, a magnet having plural magnetic poles is provided 
on the movable element. As a result of this, a small mag- 
netic path loop is formed, and both of reduction in size 
of the yoke and provision of a large magnetic flux density 
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are assured. Additionally, the region in which the thrust 
of the linear motor with respect to the electric current 
becomes linear is widened. 

[0073] Furthermore, as a result of the arrangement 
that the yoke is provided on the stator side while the 
stator units are disposed opposed to each other to sand- 
wich plural magnets of the movable element therebe- 
tween, small magnetic path loops of the magnets can 
be effectively used from the both sides of the magnets. 
This is effective to produce enlarged thrust force. Con- 
sequently, both of enlargement of thrust and reduction 
in weight are assured, and control response of the sys- 
tem is improved. 

[0074] Further, as a result of the arrangement that the 
stator units are disposed opposed to each other and that 
the magnet is disposed between them, the attracting 
force of the magnet acting in any direction other than 
the moving direction of the linear motor is canceled. 
Thus, a stable thrust force can be produced. 
[0075] Since the coils opposed to the magnets are as- 
suredly energized, all the magnets can contribute to the 
thrust. Thus, the thrust per a unit movable element mass 
can be enlarged. As a result of this, the response to the 
position designation is better than that of the second em- 
bodiment. 

[0076] The provision of X fine-motion coil 12 and Y 
fine-motion coil 13 on the yoke 6 enables fine motion 
along X-Y plane. In the positioning control, in a period 
like acceleration or deceleration period where the drive 
electric current is large, the saddle shaped coils 9 in 
which those coils opposed to the magnet 14 are selec- 
tively changed may be used, while, on the other hand, 
in a period like speed control period or position control 
period where a small drive electric current is necessary, 
the Y fine-motion coil 13 in which there is no necessity 
of changing coils may be used. This enables high pre- 
cision positioning control without unnecessary heat gen- 
eration. Additionally, since the X fine-motion coil 12 is 
effective to prevent magnetic saturation of the yoke 6, 
the sectional area of the yoke 6 can be made small. This 
is effective to reduce the size of the stage system. 
[0077] Further, like the preceding embodiments, a 
laminated steel plate is used for the yoke 6, and this is 
effective to reduce eddy current to be produced in the 
yoke during relative motion between the yoke and the 
magnet 4. This ensures high speed and high precision 
positioning. 

[Embodiment 5] 

[0078] Referring now to Figure 1 4, an embodiment of 
scan type exposure apparatus having a stage system 
according to any one of the preceding embodiments, as 
a reticle stage, will be described. 

[0079] A reticle stage base 71 a for supporting a reticle 
stage 73 is integrally provided with a frame 94 which is 
mounted on a base table 92 for supporting a wafer stage 
93 of the exposure apparatus. On the other hand, a lin- 



ear motor base 71 b is supported by a supporting frame 
90 which is directly fixed to the floor F, separately from 
the base table 92. Exposure light with which a wafer W 
on the wafer stage 93 is exposed through a reticle on 
5 the reticle stage 73, is produced by a light source device 
95 shown by a broken line. 

[0080] The frame 94 supports the reticle stage base 
71 a and, additionally, it supports a projection optical sys- 
tem 96 between the reticle stage 73 and the wafer stage 

10 93. A stator 75 of a linear motor for acceleration and 
deceleration of the reticle stage 73 is supported by the 
supporting frame 90 separate from the frame 94. There- 
fore, there is no possibility that a reactive force of the 
driving force of the linear motor for the reticle stage 73 

15 is transmitted to the wafer stage 93 to cause external 
disturbance to its driving means or to cause vibration of 
the projection optical system. 

[0081] The wafer stage 93 is scanningly moved in 
synchronism with the reticle stage 73, by the driving 
20 means. During scan of the reticle stage 73 and the wafer 
stage 93, the positions of them are continuously detect- 
ed by means of interferometers 97 and 98, respectively. 
The detected positions are fed backtothe driving means 
for the reticle stage 73 and the wafer stage 93, respec- 
ts tively. By this, the scan start positions of them can be 
accurately held in synchronism and, additionally, the 
scan speed in the constant-speed scan region can be 
controlled precisely. 

30 [Embodiment 6] 

[0082] Next, an embodiment of semiconductor device 
manufacturing method using an exposure apparatus 
such as described above, will be described. 

35 [0083] Figure 1 5 is a flow chart of procedure for man- 
ufacture of microdevices such as semiconductor chips 
(e.g. ICs or LSIs), liquid crystal panels, CCDs, thin film 
magnetic heads or micro-machines, for example. Step 
S1 1 is a design process for designing a circuit of a sem- 

40 iconductor device. Step S12 is a process for making a 
mask on the basis of the circuit pattern design. Step S1 3 
is a process for preparing a wafer by using a material 
such as silicon. Step S14 is a wafer process which is 
called a pre-process wherein, by using the so prepared 

45 mask and wafer circuits are practically lormed on the 
wafer through lithography. Step SI 5 subsequent to this 
is an assembling step which is called a post-process 
wherein the wafer having b^en processed by step S14 
is formed into semiconductor chips. This step includes 

so assembling (dicing and bonding) process and packag- 
ing (chip sealing) process. Step S16 is an inspection 
step wherein operation check, durability check and so 
on for the semiconductor devices provided by step S1 5, 
are carried out. With these processes, semiconductor 

55 devices are completed and they are shipped (step S 1 7). 
[0084] Figure 1 6 is a flow chart showing details of the 
wafer process. Step S21 is an oxidation process for ox- 
idizing the surface of a wafer. Step S22 is a CVD process 
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for forming an insulating film on the wafer surface. Step 
S23 is an electrode forming process for forming elec- 
trodes upon the wafer by vapor deposition. Step S24 is 
an ion implanting process for implanting ions to the wa- 
fer. Step S25 is a resist process for applying a resist 
(photosensitive material) to the wafer. Step S26 is an 
exposure process for printing, by exposure, the circuit 
pattern of the mask on the wafer through the exposure 
apparatus described above. Step S27 is a developing 
process for developing the exposed wafer. Step S28 is 
an etching process for removing portions other than the 
developed resist image. Step S29 is a resist separation 
process for separating the resist material remaining on 
the wafer after being subjected to the etching process. 
By repeating these processes, circuit patterns are su- 
perposedly formed on the wafer. 
[0085] With these processes, high density microde- 
vices can be manufactured. 

[0086] I n the linear motor mechanism according to the 
embodiments of the present invention described here- 
inbefore, a yoke is provided on the stator element side 
while no yoke is provided on the movable element side. 
This effectively reduces the mass of the movable ele- 
ment which is a moving component. 
[0087] Further, a magnet having plural magnetic 
poles is provided on the movable element. As a result 
of this, a small magnetic path loop is formed and, con- 
sequently, the region in which the thrust of the linear mo- 
tor with respect to the electric current becomes linear is 
widened. 

[0088] Moreover, as a result of the arrangement that 
a yoke is provided on the stator side while stator units 
are disposed opposed to each other to sandwich plural 
magnets of a movable element therebetween, small 
magnetic path loops of the magnets can be effectively 
used from the both sides of the magnets. This is effec- 
tive to produce enlarged thrust force. Consequently, 
both of enlargement of thrust and reduction in weight 
are assured, and control response of the system is im- 
proved. 

[0089] Further, as a result of the arrangement that sta- 
tor units are disposed opposed to each other and that a 
magnet is disposed between them, the attracting force 
of the magnet acting in any direction other than the mov- 
ing direction of the linear motor is canceled. Thus, a sta- 
ble thrust force can be produced. 
[0090] In an arrangement wherein coils are disposed 
in partial superposition with a mutual phase shift, the 
quantity of electric current contributable to the thrust 
with respect to a movable magnet can be enlarged. 
When saddle shaped coils are used, since those coils 
opposed to the magnetic forces are all energized, all the 
magnetic forces can contribute to the thrust. As a result, 
the thrust per movable mass increases. 
[0091] A yoke may be provided with first and second 
coils which are different in winding direction. In that oc- 
casion, when the movable magnet comprises a single 
pole, fine motion along X-Y plane can be accomplished. 



When the movable magnet comprises multiple poles, 
the first coil wound along the lengthwise direction of the 
yoke effectively prevents saturation of the yoke due to 
the magnetic flux by coil electric current. Thus, reduction 

5 in size of the yoke is assured without thrust saturation. 
This enables reduction in size of the stage mechanism, 
reduction of heat generation, and improvement of natu- 
ral frequency of the moving component. 
[0092] The linear motor mechanism may be used as 

10 a drive source of a stage system in an exposure appa- 
ratus, with advantageous results of reduction in size or 
weight of the whole apparatus, reduction of vibration of 
the stage system during acceleration or deceleration pe- 
riod, and improvement of throughput. Particularly, in 

15 scan type exposure apparatus, these advantageous ef- 
fects are quite notable. When devices are produced by 
use of such an exposure apparatus, production of higher 
precision devices is assured. 

[0093] While the invention has been described with 
20 reference to the structures disclosed herein, it is not con- 
fined to the details set forth and this application is in- 
tended to cover such modifications or changes as may 
come within the purposes of the improvements or the 
scope of the following claims. 

25 

Claims 



30 



35 



40 



45 



50 



55 



1 . A linear motor, comprising: 

a plurality of stator elements each having a 
yoke and coils disposed along a predetermined 
direction; and 

a movable element having magnet means with 
plural magnetic poles; 

wherein said stator elements are disposed op- 
posed to each other with said magnet means 
of said movable element disposed between the 
opposed stator elements. 

2. A linear motor according to Claim 1, wherein the 
yoke comprises a laminated steel plate. 

3. A linear motor according to Claim 1 , wherein each 
coil comprises a flat coil. 

4. A linear motor according to Claim 1, wherein said 
coils are arrayed alonglhe predetermined direction 
with a mutual phase shift. 

5. A linear motor according to Claim 4, wherein at least 
two coils of said coils are disposed with overlapping 
and with a phase shift along said predetermined di- 
rection, to provide a coil unit, and wherein each of 
said stator element includes plural such coil units 
disposed along a driving direction. 

6. A linear motor according to Claim 4, wherein at least 
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one of said coils comprises a flat coil with a bent 
portion, and wherein a portion of said flat coil to be 
opposed to said magnet is protruded or extracted 
as compared with another portion of said flat coil 
not to be opposed to said magnet. 

7. A linear motor according to Claim 1 , wherein each 
coil comprises a saddle shaped coil. 

8. A stage system which includes a linear motor as re- 
cited in Claim 1 , for moving a stage. 

9. An exposure apparatus which includes a stage sys- 
tem as recited in Claim 8, for performing an expo- 
sure process to an article held by said stage system. 

10. An exposure apparatus according to Claim 9, 
wherein said exposure apparatus comprises a scan 
type exposure apparatus, and wherein said stage 
system is adapted to hold a reticle. 

11. A device manufacturing method, comprising the 
steps of: 

preparing an exposure apparatus as recited in 
Claim 9; and 

transferring a pattern of an original onto a sub- 
strate by using the exposure apparatus. 

12. A device manufacturing method according to Claim 
11, further comprising applying a photosensitive 
material to the substrate, and developing an ex- 
posed portion ol the substrate. 

13. A linear motor, comprising: 

a stator element having a yoke and plural coils 
disposed along a predetermined direction; and 
a movable element having a magnet with plural 
magnetic poles but having no yokes. 

1 4. A linear motor according to Claim 1 3, wherein there 
are plural stator elements each as aforesaid, and 
wherein said stator elements are disposed opposed 
to each other with the magnet of said movable ele- 
ment positioned between the opposed stator ele- 
ments. 

15. A linear motor according to Claim 13, wherein said 
yoke comprises a laminated steel plate. 

16. A linear motor according to Claim 13, wherein each 
coil comprises a flat coil. 

17. A linear motor according to Claim 13, wherein said 
coils are arrayed along the predetermined direction 
with a mutual phase shift. 



18. A linear motor according to Claim 17, wherein at 
least two coils of said coils are disposed with over- 
lapping and with a phase shift along said predeter- 
mined direction, to provide a coil unit, and wherein 

s each of said stator element includes plural such coil 
units disposed along a driving direction. 

19. A linear motor according to Claim 18, wherein at 
least one of said coils comprises a flat coil with a 

10 bent portion, and wherein a portion of said flat coil 
to be opposed to said magnet is protruded or ex- 
tracted as compared with another portion of said flat 
coil not to be opposed to said magnet. 

15 20. A linear motor according to Claim 1 3, wherein each 
coil comprises a saddle shaped coil. 

21 . A stage system which includes a linear motor as re- 
cited in Claim 13, for moving a stage. 

20 

22. An exposure apparatus which includes a stage sys- 
tem as recited in Claim 21 , for performing an expo- 
sure process to an article held by said stage system. 

25 23. An exposure apparatus according to Claim 22, 
wherein said exposure apparatus comprises a scan 
type exposure apparatus, and wherein said stage 
system is adapted to hold a reticle. 

30 24. A device manufacturing method, comprising the 
steps of: 

preparing an exposure apparatus as recited in 
Claim 22; and 

35 transferring a pattern ol an original onto a sub- 

strate by using the exposure apparatus. 

25. A device manufacturing method according to Claim 
24, further comprising applying a photosensitive 

40 material to the substrate, and developing an ex- 
posed portion of the substrate. 

26. A linear motor, comprising: 

45 a stator element having a yoke, a first coil 

wound on said yoke along a first direction, and 
a second coil wound on said yoke along a sec- 
ond direction different from said first direction; 
and 

50 a movable element having a magnet but having 

no yoke. 

27. A linear motor according to Claim 26, wherein said 
yoke has a shape being elongated in one direction, 

55 wherein said first direction corresponds to the 
lengthwise direction of said yoke, and wherein said 
second direction is perpendicular to the lengthwise 
direction of said yoke. 
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28. A linear motor according to Claim 26, wherein there 
are plural stator elements each as aforesaid, and 
wherein said stator elements are disposed opposed 
to each other with the magnet of said movable ele- 
ment positioned between the opposed stator ele- 
ments. 

29. A linear motor according to Claim 26, wherein said 
yoke comprises a laminated steel plate. 

30. A linear motor according to Claim 26, wherein said 
stator element further includes third coils separate 
from said first and second coils. 

31- A linear motor according to Claim 30, wherein said 
third coils are disposed with overlapping and with 
with a phase shift along said first direction. 

32. A stage system which includes a linear motor as re- 
cited in Claim 26, for moving a stage. 

33. An exposure apparatus which includes a stage sys- 
tem as recited in Claim 32, for performing an expo- 
sure process to an article held by said stage system. 

34. An exposure apparatus according to Claim 33, 
wherein said exposure apparatus comprises a scan 
type exposure apparatus, and wherein said stage 
system is adapted to hold a reticle. 

35. A device manufacturing method, comprising the 
steps of: 

preparing an exposure apparatus as recited in 
Claim 33; and 

transferring a pattern of an original onto a sub- 
strate by using the exposure apparatus. 

36. A device manufacturing method according to Claim 
35, further comprising applying a photosensitive 
material to the substrate, and developing an ex- 
posed portion of the substrate. 

37. A linear motor comprising a stator and a movable 
element, wherein the stator comprises an elongat- 
ed yoke having thereon a plurality of coils arranged 
in a movement direction of the movable element; 
and the movable element comprises a number of 
magnets. 

38. A linear motor according to claim 37, wherein the 
yoke of the stator has a first set of coils whose con- 
ductors extend transversely of the yoke, and a sec- 
ond set of coils whose conductors extend longitudi- 
nally of the yoke. 

39. A linear motor according to claim 37, wherein each 
magnet of the movable element is positioned be- 



18 

tween two stators. 

40. A linear motor according to any of claims 37 to 39 
wherein each stator further comprises a third coil 
5 whose conductors extend longitudinally of the yoke. 
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